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(54) METHOD FOR LASER BEAM MACHINING 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide a method for 
laser beam machining, by which a molten point or a 
crack deviant from a planned cutting line on a surface of 
the work to be machined is not generated and the work 
to be machined is accurately cut. 
SOLUTION: A property modification zone is formed 
inside the work 1 to be machined by irradiating the 
planned cutting line 5 with a pulse laser beam L by 
placing the focal point inside the work 1 to be machined 
under a condition that a multiphoton absorption takes 
place. By cutting the work 1 to be machined along the 
planned cutting line 5 originated at the property 
modification zone, the work 1 to be machined is cut with 
a comparatively small force. When irradiated with the 
laser beam L, the pulse laser beam L is scarcely 
absorbed on the surface 3 of the work 1 to be machined, 
thus the surface 3 is never melted due to the formation 
of the property modification zone. By changing the 
location of the focal point of the laser beam L in the 

incident direction of the work 1 to be machined, a plurality of the property modification zones 
are formed along a line in the direction of the thickness of the work 1 to be machined. 
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&**ifc*ituP£<; & c 4 ft < . *»oflwsK:*nx«*«j 
£Wtftir s c <t » * u — !fjnx*ffi**«r s c 
i. 

* 5 r-ft-5>„ u— tf*L©jSj*K*jtir. flniMSMai© 
3 t- « / ^ x u - if * mm t ^ 4* kici s n & c > © 
-c. &s? fsw^a^H-e*® 3 tfi&mr zct »& 
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[#2reii*©iSB] 

tut iiKuittMmicfflM snsu- if ft ©mi aflnx^fa^ 

^©AH-W I^Cfctf £ U — !f ft©*ft*©tiLa*^X. & 

#jiajjpx#f awcMSt s n s u - if ft ©wi a flnx#f 

ggiM x l 0 s (w/arO y±-C4>or^N"^Xifl35n y 20 

(c-^iD-a-CB5fEJnx^m ; accU'--tf^ ; &M ; f-r-5» c £tc 
J; <j . mrfaflnx*t^^©^»f^^7 -f ^tciQ-oxm&to 

mFiaftlX** J^iKcMM 3 n & U - if ft©B?iaJJDX*f&!gJ 
^©AJW*iei«:*jw& u-1fft©J(lfti£©{iB£^x.£ 

c <t(cj: k> , B(rBKS^*MfaASWrsjtcfSo rat* 

J: 3 KtfflRJftjW £ Xg* fix. 4 , U -If flOXTj 

(cMttsns u—tf^AW-r*Mia»nx>ttm©i©Aft 30 

ffl*f^-rb^©-5 *>4>fc < £ fc^m*! — 54^tr. 

gts&s 1 ~ 4 ©c^-rnAHciBts© u— tf Jnx^a. 

[0 00 1 ] 40 

sns u— tfjnx^fcwrs. 

[0 0 0 2 ] 

[fie*©S*2 U— tflSJIO— ok«J»tj»*5. U— !f 
CC J: S — « ffjfc WK«'X© il Or**. PI x. WSNMH* ■> 
* '^t>5 xSt£©cfc -5 &*mX>tt#t!&)©gj»r-r-56Pr 
CC. *DX^«J*!5RlRTSjeS©U— tf^^MWt/. U 
-1f^©»KKJ;f)WBf-r-5@BlT{CfcCirMX*fm«)© 
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x. mximmv^mwv *^<Dms. *m#Q**o 

ilKMSii/rfiftl^© 5 ±8e««WfflK:tt 
[0003] 

[ t, J: 5 t f &MH ] jtoXSStJMJOSffi©* 
M*IW±-J-**Si IxT, «*.«. #i2 0 0 0-2 1 
9 5 2 8^£«^B2 0 0 0-1 54 6 7#&$BiC||j 

^3n/cU— tf(c«fc&^JBr^ri£*s*4. cn<E>©&$g© 

mxMima^nmnmmiiy— tfftK: 
.toiiL, -eor^DXM^^^in-rsciicif). 

[0 0 0 4] CJi6©S#E©^»f*ST > 6i. m 

lM«l(i:4Da«SASA*Ui, *ax*fft«j0^iH 

!tct^5fe©@0f* -C©»l<a^©^Sfefim*i^-r S c 

[0005] *#£^©aw«. flnx^^©*Bic^ 

[0006] 

u— if *©**Mi*iiDx»*«j©rtaiMc^b'e 

■C muKt Wmvc \> - if ft* HBttf -5 c £ tc «fc ») . fl[JX*f 

1*3 U— !f3B©J)DX>!ta^©A^tSjCC*j^5 U 
— tf ft©«ft,^©fia*^^. C £ CC J: 0 . 3Jca««* 

[0007] *mttc<&*> u— tfjtmx^ffitc «tti«, »j 
x*t*t*j©rtastc#y6 **^t>-y-c u -if ft o * 

o^ft^®jR£l^^*^Jffl-r^,c£iCj;i3. flnx*f 

Wr-T 5®3f Ccfsie,*»©JBi*!$) s £ . mxMMm^aM 

S U— !HinX*ft{c J:ti«. KMM^«rS.^£ ItW 
^ 5e 5 W > CctS -3 X Mitt SMfimti S c £ tc J: 0 , Jo 
X*t3W»Sr«lKr*{:i*i-C*S. «to"C. tt«fl«J/h3 
&^"C»IX*t*«I*§IIKr4Ci**-C*4©-C. rnxn 
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to . 4 « u - if 3fe&*«* L/ fe^Rf© c 4 "C * 4 . 

[0 0 08 ] £/c. ^Bjjfcl&S U— !fWlX^rffi{Cj:ti 

-CB U — tf 3661 « i ^ i-^iR j n a t , o-c , flnx*MMJ| 
cD«ffi*5?§i4T S C 4 « I 

[0 0 09] #IPJ3K<&& U— !faiX*j£KJ:ti 

«. flPXM^icMWSti-SU— tfteCflnxatSU^© 
AtftflSHCfeW & U — tf#©*#.£©{4g£^A 5Ci 

«5l/T05. c©fc&. ttlX^a^^IBfr^Btcfij^ 
4&&^r£ff J ?>Tc4#S"r#&, > &to. AW*[6l4L 

[0010] *?HBK:ffi& U— tfJDX^ffit*. tf* 
OSl3b^*]tjax^^©l^SBK^t)1±rtlPXWmiBJ(c u 
— tf jtZmm-f SCiWO, »DX*f *WO«WrPje^ 
•Y > (C» -> -r *nx*f *«JOrt»K«HflW«*»«aE l> . rt» 
o. JPX5t^*CM*f3nS U -1f*©Z»X*f&iar>.© 
A#«rfaCCtoW * U — tf*©J*3fo&©tt«*SEjt 5Ci 
CC <fc 9 . a*ff M«£ ASW I^C & o X <fc -5 CC mm 

ia-r*xs*«*4. ci^itti, a*. 

(Cf^S u— tf*DX*j*«, u - irjc<Dmyt£Lic to -5 f 

-^A^-fgjgj&Jl x 1 0 8 (Wed) &LtV0br>X/W 

x 1 n sjy ro^frr- . u - if *<D**,^*ftnx*f 
*«j©p«3ajK:^t>-&-c aix*i*«!K u -if #*ra»-r s 

im z ti z> u - ^omjLKmm^oMm^i k tow & 

U-1ffc©*3t*©{i»£^*& C 4(C.i: fp , 

&A*f#isKca-3-r&.&j: *jt<cmmti5u?&iM*m%. 

[0 0 1 1 ] C*i60*UKKft5U- tf»DX*?£«. 
JblB#«9!tC«S U— !f*nX*ffi 4R«OSS8C«fc 0 . 
J0X«*«i©«lf«:^® tt 4 C 4 & < 

*>o-e-©affi3&«»»i/«:t> u— ifJrax#T*a>-pfliJx#f 

4= fib. ^{Hf«©^fiRt3:*JtflRi|JWJ|RHCD*8^fe 
*5U ffe©JlH©J«^-t.4>6 0 
[0012] *«!li{cfli* U— tf JnX*ffi{Ct*«T©» 

[0013] istoasiw, anx*f»«i{cja«3h 
s u— *f**iA*f-r sajx^^oASfffiJcMurigo 
^^jfiicj^is-r-s. ct5tc-r-sc4*s-c*s. c*x«c 

^i*lriMi»aat-t5. J: or. u- 

1f 3fe jMSWC JBsS 3 *ifc»Jt«ttK: i 0 SSSL 3 ti -5 Cl 4 « 
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[0 0 1 4] &to. ML*t*«j©rta»c45 

iCfe^T®5 : f^^^tL'/c^T'*5Stf?^^bM^© 
[0015] 

[#6W©3at©»«] fcTF. #»!H©»»&8iaWBjBK: 

[0016] »*4©iftiR©/<> K*> 7*Ec J: 0 fc*^ 
©x^JU^-h i/ *i/Jn3i> 4 ?lc^e t J«CjgBj4 =fc o 

■r-S4nhi/>E c ©^# (n= 2. 3. 4, • • • T* 

20 ^ 0 /•v\>t/X?&©*§£\ l • »f*©?*e«U-1fjt©JI* 

&<D f - 5» ^' 9 -SJK ( w/cm 1 ) 3: 9 . ^dx « f - 
fj-oy-mmsix i o s (w/cm 1 ) «±©*fr-e^jfe^- 
C&HXA^DSo f-?A-7-SI(j, (***fctoWS 
U-1f3t© l^VU^SfcOCx*^-) - (U-lf* 

*fc. astie©«^ u— tf*©»KBu— tf*© 

«3t*©«lf«a (w/cm 2 ) -CftSS*. 

[0017] C©cfc ^ tt£#*WJK*fJfflf5**tWB 
SgfC^S U-1fJ)DX©^aiJC-ot,>-CS 1 ~EI 6 ^ffit^-C 

30 sttB^-r s. s i « u — tf m^conattmfa 1 ©^®ia 
-cafef}. m2im i cc^-rttix*t^i©ii-iB®tcs 

ofcl&fffiS-CabO. !fftlX»©ttX»JM» 1 

©^FMHr-^D, 0 4 (i0 3 (c^-rijnx>F|-fifj 1 ©IV- 

^l©V-\^CC?&ofcKM0-C*'3, 06«^»f3nfc 

flDX^tm^i i ©¥®0-e*s. 
[ o o i 8 ] s i so'02 {ctf-t J; ^ »nx>ptm^ 1 

40 — tfjnxtt. g-ft^mwtiLcz&ftxijaxftmmicD 
fomcmyt&pz-£t>&x p-tf^L^sox^m^j 1 «cm 

[00 19] U-1f#L=&#J»r^£5>f >5te?G-,-C 

#4. cnao, 0 3~05(c^-r«fc^{c%HM«7 

*5«J»r?^7 Y > 5 KSo -CMX*tfl!B) 1 ©rtSBK©* 

so Mm® i u— !f*L*!RiRrs c 4 t,c j; o sax^m^ 
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*fa«5 1 (c u— *fjtL*mmzi± mxttgrn i ©^gutc 

or. JaX^fttflCD^ffi3-C«U-1f^;L!!>Hi<!:Ai' 

[0020] Jnji*jm®) l ©WKtcfc^r, ^Kir s@ 

T\ H 6 KOrrT J: 5 ccjfc«^3 &;&rS!jni#*«l 1 * 
[002 1 ]4te> &»»«£*§,££ L1ttiaX*tmm<D 

W9j»ii*fts*§^-c&s. ctiit, muxtoxftsm 

»*«J{caflUI*4- A 4 c i K J: f] «Ufc^*IBS. S t? 

o-rsct-e**. ffe©—- ^sta^^rsc 
t ica: 0 , £ o-cjjax>rta^<DKffi^iS] 

a?m®*Bf8.otc&ft<D&&m&i-rz> c <t*i-c# s© 

-C. c© J: *> fcWtSlffrDJ: t^WBr^ttA^fW&r* 
4= 

[002 2 ] ST. #SS*JIS»tcfct»r£#™DHCj: 
OMsnMlIiiLr. &© ( 1 ) - (3 ) *s* 

So 

[002 3 ] ( 1 ) »R*Ja&J-oX«««© >7s> 

&sts i>7vt> mn<Dm-& 40 

1 x 1 0 s (w/cm 2 ) tUz-eavoy-oi^ga 5 l 

£^j&r-&s§£fr-e*So cnicj:o. flnxSM^©^ 
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mtfi&mzhz. mn®m.<D±mmt l-cb. w*.t*i 

X10" (w/cm') T?*S. /^XiJsBWU* 1 ns~2 
0 OnsrtW* GO. ftfc. ^3t-T-KiRfcJ:S ?7 ? Zffi. 
WDfcms.. Flx.(f, £4 5@U— !?&JjnXW?S£i&2: 
i( 1 9 9 8f. 1 2^) ©12 31-^2 81© T| 
# U — !f -JSHiftK «fc 4 # 5- X S«©F*lSP v - * > ^ j 

saafssn-coSo 

[00 24] «??^g£ * 9 v *<D*l* 5 
£>S. 

(a) mttrnrn : (is7oom 

m) 

(B) U— tf 

KM : mW*l>— !f®^Ncl:YAGU— !f 

: 1 0 6 4 nm 
U— !f#*#? MKB8I: 3. UxlO-V 

mmm ■■ ox-f y^-ou* 

i&OiEbJUi&tSt : 1 0 0kHz 
Ji)l-zm : 3 0 ns 
tfrft : ititl< 1 m/WA 
u-if3tD D B ® : TEH.. 

(d> »ix*m«i*5*sa3*is«g-&©^sba® : i o 

0 mm/# 

[ 0 0 2 5 ] H 7 «±ISI»©*S***-i- 7 -c* 

KJKfiJESnfcf^w*^ (i'-7 >i'X^'> h) ©A* 

? h ©0«© ^ %SA©S 3 1 U SSP^WA * 3 -C* 
So y^^cfiOiyiT^f-^ttl^fUyX (C) 

(osmifi i o o fs. lantst (ma) . so ©ti^-c* 
So -75. y-yy<p<D&Avm-rr-n{tm^tm^>^ 

(C) fl3ffif**J5 0«. ^P?S5[ (NA) #0. 55©*§£ 

[0026] ^(c. ^mmBmc&z, u— tfMxK*^ 
r . i- 7 y ZWimmic J; s»x^^©w w© ^ * - 
XAtc-^^-cia8~0 1 i ^ffl^riftHj-r^,. hsjcts 

■Tcfc^CC. ^^-KiR^CJS^ff-CftlX^f^lOrt 
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^ sr *#»IX#tfyKl 1 ©ai3 i!S2 1 fCSBtU B 
1 1 CCTjVr <fc 5 *C»I*»*! 1 C <t CC <fc 0 JJPX 

*tmm i 3&j«k $ n & . ttxawMaoaa t ftstcstt 

[0 0 2 7 ] ( 2 ) 

1 x 1 0 8 (W/cm 1 ) «±T^o^Vl/^it(I^ 1 jus 
*3^»jR«:J:r>ra9fWK:an«fcStii. ccDflQl»ic<± 

fcWiC^Cifcr**. *fts« 

»3KMffi^b«SCcX^bb^m«X« a r * 0 *DX 
^ "J 3 >#IS#I*jS<D»^ SWl»«0f 
AJ»HMvy:a>»ftc**. «lfgftSo±R 
liltH, 1 X10 11 (W/cm 2 ) t*S, >W 

XiB««iLttlns-2 0 0ns3W»*Ll». 
[ 0 0 2 8 ] *»PJ#tt* i/tj 3>^*^©rt»-C»ill 
^««3&s»JflE3tiSCi*Slil{CJ:*)WBLfc. IKK 

[0 0 2 9 ] (A) apx«»«: ^y3>^*^ («3 
3 5 0 Mm, ifg4-Y>*) 
(B) U-if 

: !fWHNd:YflCU-1f 
i&g : 1 0 6 4 nm 

y%X*y hKBfR: 3. 14XlO- 8 on* 

tt4£LJH&ft : 1 0 0kHz 

: 3 0 ns 
aj^? : 2 0 jz j/rOUX 
U-lfifeiWK : TEH» 0 

(c) JftfcfflU^X 
e$:50 ft 

NA: 0. 5 5 

(d) »nat*!»^»aisti*«Be©*«iia: 1 o 

Omm/# 
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[ o o 3 o ] m i 2 ts±sa*ff -co u -tf jpxk <t o «j 

Rfr 2 tift:^ »; a > ^ x «WC:feW &BrTB©^X£3i 

fttcmmmmmm<Dmtt\zi<D*z2tti o o ansa 

[0 0 3 1] ^liiMaa»£ 1 3 #*jfrf«lR«:<fc *)Bf& 

y rOBfe©J¥<&t#5 0 urn, 100 um, 2 0 0 urn, 
5 0 1 0 0 0 untD&*?(tC-oi<)X±iZm%%:fnL 

tc„ 

[0 0 3 2 ] MiK, Nd:YAGU-1f©SfiT&& 1 0 6 
4nmK&I^T. n 5 0 0 MmtTF© 

fit^Ci^Wo HI 2^t>"J3>^inl 1 
<Dm2te3 5 0 unfe**CK\ ^^BMXCCjlSifflB 

i 7 5 MfliooaMJKjBjassna, c©»^©aa*«. 

If 2 2 0 0 MmCDVJ n>Ox^€:##iCT^i, 9 0 

«iRsti*oB«ft»r*o, a^^aM**. C© 

(2000 ^4^) com 7 21-^7 31© 
[0 0 3 3] ^'J3>-)x/^, 8K«m«Jtt«: 

stew-la* i^ccfissr 5 o« . - a amftiiH f t l fc 
— ov&z. ^Ttiom& j bWffi&<D%)Wiwim 1 

so [ o o 3 4 ] ( 3 ) &wmm*mftmmmm<Dw& 
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u— y±*mjLi$mto mx.&tfvA) (Dfo^cnft* 
**^c*jwsaifi?as^i x i o 8 (w/c 

Rffi4 LTtt, WaixlO" (W/crrf) T**. ^ s 
1 nsKT^Jff* L < , 1 psfetT^S 6«: 

mat, »4 2 0u— y«u»iw5s^»xai (1997 

1 IE) COW I 0 51-11 1 im<D ty*&h& 

[0 0 3 5 ] «±<DJ: 5«c«atJKB{cJ:ntf. »II 
«4^* J F-BliRicj:?)»RSb'C^S 0 fir, #HSfi?B 

[0 0 3 6 ] * 5 * 

x^r&fcfflorSnxfcWgj 1 ©rtswcxo© * * 

^9 mmztiim^Mm* 1 ©wttsrc**. 

[0 0 3 7 ] ^««9 JBJ«*ffiCCOi^rflr# 

(9 A) 3&^8S^S^^>5ic»r>rJMx*f*!Bji©rt 

L©*^*»IlX*t«l!gj 1 ©W»<E>*ffi3ttiEK:<&:b 

SDXWftft 1 Cc^;u^ u— tf#L*Btt*-rs o C(DBSS* 
Ccj:^ *^**««9 (9B) #$J»rR£^ > 5 CC 

»oraixs**!» i ©rt»oD*BB3watc0j«stis B 

ft, y ^1S*S9A (9B) iPhtP'y sr^fiR4S9B (9 

a) ^[§1, ^ 9 ^gg«c9^6^M3^cc-en-ene 

1fQXtt&mi<Dffi, ^ft*>5W»rE4&smfc:fcl,*T, 

flnx*ht^ i ©«##fircc* < awfc * ^ * * 9 *jkae 
Eu*af ^/dwxiiEn»a*r^ c 4 & < g^ccjDx**^ 1 

[0 0 3 9 ] «±©,fc 5fc^«»lB«:«th»a»<3r)^ 
^ s> 9 ZBt&TZ CtlC£V UQJLttmm 1 £r£f$f 
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jBK.««:i:*i{ijnx»ft«j i (om^mmm^^m^ 
59 i &}&£:Lic< ^msmttcte^x m^Mm* 1 

Ml 6(C^TJ:^CC, *^?*««c9a4*7 

#ta^ i «>w»r-rs e 4# 

[0 04 1] ***»»c*«f>-c. iSSScd^ 5 9 2«« 
9«, ^^^u-tf^LWAW-TSaxSt^OAWB 
(CTA««B3 ) 6C»lyrac>**»6*fC»/iJET*©*s 

a&JBj£U * * ^««9Bt»J5S-rs. Alt 

ti**^ h) ©Office tffco 

fc*f Itai^ 6 »e ^^-^ M« 9 * Jgjstr 5 i ± 

[0042] (au » 
30 ^««9©jf^BFP«±iB{ciR^3nr, flpx^mfj<D 

A WfflCC Jt L r ifil 6 JSCC L T J: C » L , ^ /e: 

«016JC*5^r, ^07^I^9c^Mt, 
&c*^?*«iS9B*7ftSU U-if*©A*t^l5l«:JS: 

[0043] mm<D&wmmBmc^x. 

[0044] 4m«$ttccA6 u-iranijsffifc 
^snsu-if»xi6ai©— Wfcoiiraawrs. h 
i 8«cou-ifftaxggi o 0©«iSMir^-s o 
u-ifjjpx^g 10 0tt, U— tf^L^^*T5 u-if 

o i <h, is-irytLomti^^jizm^zmB-? 
ztcmc i/-tf*« i o i *«wra u-if^issnffipac 

1 0 2 4 , U — Wfc L©S»«ffi «: W l^l/- If tcLCD 

^57-103i t ^^P^^57-l 0 3-CJ5 
50 »*SnfcU-1f*L*«J(6*rSJi*fflU>Xl 0 5 4. 
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m^tmu^xi o & -emits titcis— yftL&matsti 
zmTftm® 1 a**SB<*ft**SB-s 1 o 1 1 , isg^ 1 

0 7 4xtt^CC^»3^S^(DX«i^'r-V 1 0 9 

tsa^ i o 7 zmftfticmttzm^faicfeWiZ 

— is 1 1 3 4, cn^HocDXf— J? 10 9,111, 

1 1 3(D^i&^^J®^^^^-> ? $(I81ia51 15i, 

[0 04 5 ] U-1f3fcig 1 0 1 «^;l/X U-if*^* 10 
T-SNdiYAGU— tfT*£ e U -If 3688 1 0 HCflll>3C 
4**T-*SU--tf£0T, CCDffi, Nd:W0 4 tf^Nd: 
YLFU-1f^£>1f 7r yt u— tf*s*s 0 

««^s»k«!a««*}i5«;-rs»^, Nd:YAcu-if, n 

d:YVO, U — if, Nd:YLFU-1f*fflLiS(D*iJffar*-5o 
42? 1 *XCOM^r— ^ 10 9 (111) Sc<£*)xoo«b5* 

1 comm 3 iitSTs^ifijttor, flnxstfftfei 1 *cA*f 

r*U-1f*:LO^ai»C[>*|SlittS Q cfcoT, z«ix 

r-#£ fl ^£9, 1 3{c<fc0JDX»*» 

4^~C#£ 0 

[0 04 7 ] CCX\ r--^CJ:^>1}UTM^(D 

^(D^^^Cfc^€>U-1f*CD*^CDfi^, ft]X 
*«M9<D£lffii (Aftfffi) £S^4LTMX#3M^CDI*3SB 

o^faofiatcussiO'cc^s. hi 9»u— *f*L©ai 

Itl^o [32 0Cc^TJ:5fc:. zMx^-^SItM 
«C^-rSJDX3*«liB5 1 ©JS»f*r*£) „ 

tf^Lcc^fTsunx^fa^j 1 ©isff^^itzfixf 

-^£1£S&<*-t*&C4tcJ;9. ttX*f4l^ 1 cdJP^IrJ 

{4B*Sffi3^e*x«m^i©rtaB*roffiitt (nz) so 
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<b-r>5 0 c<d8esi (nz) zismmm <n) -cm-r^c 
^teefc^ff en/cw (z> ftnxst^i 

[0 04 8] u-ifapx*Bi 0 o«se>tc. tsa&i 

0 7 tejsasft/dnixaj^gj 1 zvj&ymtc&Qfm? 

4fc»Ccua*B*«4f 5«*ffl*»l 1 7i, ^Y 
^P^;^$7-10 3Ml*fflU>Xl 0 5 4!Ut; 

4. £(ix.£ 0 tr-Ax^u sr * 1 1 9 tm^tmu>^ 

1 0 5 4<DRa&C#Y^PY ^^7-10 3#KB3*i 
tt^. b'-AX7''J 1 19^ Wft*R<B#J*# 

®3fctt©tfi*4 9 o° ^si^cciBasnrc^s. II 

gffljfcSU 1 7^6^*L/cipJtI^«tr-Axy»J sr 

W^Y^;7" 1 0 3Mmffll/>Xl 0 5 
*jiS»U JDXMt 1 OWSif ^ 7 ^ > 5 f 

[0 04 9] U— !fJJHX*Bl 0 b'-A^ 

19. ^^0^^57-10 3 so'** 
« u >x 1 o 5 4 id oym±dcmms ntcmmm^ 1 2 

1MJS«U>X1 2 3£«;i£ 0 SfleR^-l 2 141/ 
X^0J^tfCCD(charqe-coup1ed device);^ ^#£>£ 0 
ftWrPJE^ V > 5 m^^mM 3 «JR(9i 0/c Utt5B«© 
J5ftf#tt, Mfflb>Xl05, ^Oa^f.^7- 

10 3, t-AX7*'J 1 1 9 43liBU is«u>x 

1 2 srteisstiraHWR^i 2 iT*^n, 

-*4fr£ 0 

[0050] u-ifttix^ai 0 o«3 65c, mmm^ 
2 5 <t, u-ifftnaa-!i 0 o±^mmt 

2>±{tfflWWHl 2 7 4, 12 9 4, %ffi?LZ> 0 m 

igtT~$mmi2 sit, m&.T-*?&mcLx$mm 

LXXr-VWB&l 1 S^zttXr— >U 1 3^:^16 

w»"r i c t cc <t 0 , p»I3&oj»*3»*b 3 cc^ 5 <£ ^ 

-W^7FiLTiitl) 8 BJtg*©^ 3 

te{£H^£2HiXr-^l 1 3cofiigCc^^r. u-lf 
*L©3ft#j*Pfe3SH 3 ceffia-r 6 cfc 5 K U -If JJDX^B 

-^*«s-rs. ccDHft^-^^ftasuapi 2 7ic 
^wwiarwrsaftffli^asti, ^e^^ 1 2 9 
^^^ 8 tncccto, 1 2 Qtctijmmmifi 

[0 0 5 1] ±f*$lJfflIgB 1 2 7 tefcfc, X^-^ftfJffllgR 1 
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wffl'®$t 102, mmmytm i i 7so'xf-y$« 

1 1 5 ZfflW? 6 C t CCcfc 0 . U-1f »PX«B 100^ 
f*S:S9IBl-r*. 1 2 7 {*n> t*^. - 

hiUMfi. Sfc, £«MSB1 2 7 
», 01 9Stf02 0rifcBJOfc««|* (z) <Dt^£ 

[0 0 5 2 ] iWC H 1 8KtfH2 1 Srffll^r, *^J® 
0JR(C»4U--tfaDX*ffi«:»l8'*-*. 13 2 1 W\ CCD 
u-tfflDX^4^"r4fc»<Z>^a-^ + - Ft* 10 
£ 0 floxJt*«5i»^y=3>-5*^r&s. 

[0 0 5 3 ] s*\ jjnx*taf? 1 cwfci»KWtt*iamu 

i^iftscDu-ififeLiite-rau— !f*«i o 1 
t4 (S101), *cc, ttx»**i©»3*««-r 
;¥3 (^afljeisss^ttixsfta^ 1 ©/sw^sst o 

T, »PX*fa«9 1 <D2^ft<D#«« (z) *»0E-r-5 
(SI 03). ttttt. U-1f*LCD«jbSPsWftIX*f* 
«l ©rt»*cffi«3-l±4fc«)CC, MX*Mft1» 1 3 20 

l<Dmfifa<D&W)WV$>Zo /BXttSWa 1 <D 

©fiLBBJnxwft* i i/rsae-r 

#j£ P£f±g 3 # * /c^com 1 *£!tel© r- jf ch as 3 
f*ia«Cjft*jS p£ te^ 3 -tf £ fctfXDfg 2 WIO f 5 -* 

*mm 3 n s 0 « «nwmBM4i(2« 1 ^» 

[0 0 5 4] ax**** 1 £ U-lfflOXlSS 1 0 0 ©18 
g#l 0 7^igH-T€>o «g?/B3fc«l 1 7*>6 

pjffl*^^3#rjjpxsta^i *jtawr* (sio 

<D«ffl3*»*3R^ 1 2 lCcitJMHR-rs. C©aHft^ 

-^Bftm^-^Aiawi 2 5^c^6n^ a ccojifgi^ 

-^CC^CirtWR^-^AMlffl 1 2 5tt«glffl#iHl 

1 7 oTQ&jt<DttLi*&mffi 3 tcea-r * ± 5 ttdm^- 
**»arr (si 07) « 40 

[0 0 5 5 ] COM^r-^B^T—^JffllgPl 15K 

KJcLrztt^^-^ 1 1 3*2tt^naj©^«r3-ti-& (s 

109), CtUCJ: 0 . 1 7 ©prtjUfe(D& 

j£*S*ffi3CCfiUtr&. Z»*^5^ — 1 13©C©fiKB 

ic 1 » r , rt>i>?si>- if 3t no*** mats 3 ccffig-r 
-£(cx-?c>r, «jBf^^-r>5*^tfMx*t*«ji 

©affi3©t^lii«f r --^*«f|£4-S. C©^AiIjf&r 

1 2 7 4/TLT*-* 1 2 9 5cil6 50 
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Jl. CftK<fc9*~* 1 2 9«C^K^^>5ttifi© 
[0 05 6 ] ±mmUl 2 7^C[J^f 77'S10 

3 rsyE 3 txtcm 1 &W)m<Dy"- z&ajj sntfc^ 

CO^tflfiO^-^^^f'-^JiJgpi 1 5&C^6tl 
So ^f-^^MWl 1 5ttCtD««!«cr>^-^CcS-5 

{i^ic. zAtxr—^1 1 3^cj:0ftnx>rta^l 4zftT£ 
ft&c^»3-e<& (Sill), C<Dft^<D&m&lMTtt 

[0 0 5 7 ] :XiC, tfJHil 101^6 U-1f3feL* 

i©rt»ecffl«Ln^©r, snusaffiw»ttix 

>f>5tc»5J:5Ccx!Mx^-^l 0 9M^f-yi 
1 lifWrStfT. »«WSa««4«J»rf5E7-r>5CC 

»^ct^ec»Dx*t*fti©rtaiJ«:^(RTs (si i 
3 ) . mm^mmztiujBt&to 1 ©^gpcD 5 ^ . 

[0 05 8 ] :XCC V VP'Sl 1 1 i»lti2 

*f*«fl<DrtSI50«B3ftifii>S:St4«Cc:, z«Xr- 
^1 i 3CCj:0»DX»*ftltz«ttrrfiI(c««i3^S (s 
115). ^LT. Xf *:/sl 1 3 i^J^CLTjPX 
m»l©rt»CC«lH^«iiS4JEfiS-rs (si 1 

7). c<DXTv7'vtemm±mmmmxttmmi(D 
fom<omm 3 ^ 3 n s , 
[0059] mm, mjiM^m 1 zmm^m? a > 5 

(si 1 9) o cncc^o, ftixat** i*5/y=i>^ 

[0 06 0 ] *^|JWB«BOjasS:ttK-rs. *3IKW5JB 

0 9^Y|*^f'-> ? l 1 1 £^»3tf£C±$tcfc*K * 

n^cJ:D, SWIM (M£tt*^?*WA SBiMilM 
iS. JB»f*^k««) 4^JK^^^-f>5tci [ &^ J:^$c 
ftlXStSlUJKDrtapcc^Lrc^. flDX*t^OW»f 
T*ttBfCCf5f6^©jB^*6i, »X3*»i»*i:b«W 

^3^rfij^rftj»frsci^r^So j^t, 
«B«*fi*i LrejK^S^ > 5 tc»ortDX»*« 

1 *«S c <t cc <fc 0 , i:b$5W/J^ 3 tt^jr Jjpx*HW» 1 4 
«R«C<bm* B CtiCcj:^, flpx»*!»l©« 
ffi 3 5cftJ|Br?ffi^ A > 5 ^ ?>j*tift:^iatt* 0*i£l££ 

3#s c <b aj: < flnxstm® 1 4 WK-r a C i * S □ 
[0 06 1] *«tej^fl»cj:ti«. »nxst*wi 
Cc^^®iR4Sac: 3-l*i*fl : t?*»o]tiDXS#*«J l Ort 
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u — tf ^L^ti i ^ £ crux $ n& i -c , ®.mmmBf& 
tmmvmm3 ttftsmw* -v>z&ttz c t \m 

muMmn i <Dmm 3 icwm^fev ■< > 5 6^ti/c^F 

iMBttt Htx^jglfe*^ D5Ci^<, #HX*f«tf2l 1 
»hr£C<!;#5-C#£o <fc-?T. »0X*]fU8l 1 

?fn/c^g^si)ti^?§iSAs*fe c -g, c t a < v 

*> ic^mdc ?vw * § n r << > s jjnx*f k 

[oo63] &tc> #9mMi&ic£tiii. mjLttmw i 

^•7-r>5©lB (C©itl«. Wt^***^*^©*! 
¥»#^ »^<i:a-5^|gI±©ia|ii5T*S. ) 

3<r-g-i>= cnccj;t3. — ts?©jax*faiai^6^*{ 

[00 64] */c. *3liSS^{C«fcnif. flUXStf!.^ 1 
©^JWrJlIIXKlx— tf^*mt^©-C. F# ? 

E23 K^-r «fc 5 tctfUBrKE 5 A > 5 
[0 0 6 5 ] */c> *HSfi^{C<tnti?{tll^*A« 

^ftcaSo rat^J; 5 tcwmm&z c £ k <fc *) . Sax 

jWUSKj* # t . jjnx*t#t#i 1 6 * 

5-v5'*^gL/6c<t^M©i#^. wm^mu>5K. 

«c»»©?feH««*««-r sc <ttcj: 9 , mTttnm 1 

[0 0 6 6 ] 

ft*54i;5cia<, *nx>tf&^&tt*rT 
So JJDX*f^«J*^Br^SC£(C«fcf3^S!3*l 
<«*.«. »^ 7". mmfvw •> 7\ 
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[006 7] * fc. ^fPjtc&s tfjtnx*ffi{cj:n 

«3Wr*IB©ie^lift4aBf*Jtt>0rt>4. lot, 

X«*«I©««lr#f?riBi ft S 0 
[0ffi©fiBJti&3iiJ§] 

[01] 43g&ftfi«:ffi& U— tfttX^SK J: -a r U- 

•tf mTjpoMTMmwiow-mm -e * s . 

10 [0 2 ] 0 1 K^ftIX*ffyl3J©II- I^gCCvSo fcffifffi 

»aXf*©fiDX>Pf^©¥M0-C*5. 
[H 4 ] H 3 JC^-f ftJX2ta$)©iv- ivttlCciSo fcWoi 
IT*?.. 

[ n 5 ] m 3 K.^<-tiiajM%M<Dsi- vifitc?s -? fc Kffiia 
[06] *»SKKu- »fj!)0X*i*K«fcorW8if 

20 [07] tatfiKfei'- tfupx^ftKij^sm^ 

[08 ] *£i&[$ffitc:ft& u— *ffipx^ffi©m l xgcc 
*5 w 4 flnxw m^©^M0 -c* 4 . 

[09] **Jti^CC^S U— !ffllX*ffi©»2XSR: 
[HO] JWMIKHSU- tf)»I*S©»3Xe 

(cfc-ws jjnx*ta^©KM0-c* So 
[01 i ] **Jfe^Mtc^su-ifljnx*i£©»4xs 

fC*jWSJDXMmW©»fffi0-C*S. 
30 [012] ^atMMiCffi S I — 1f'»DX^iSCC J: 0 
3 n/c^> 3 > x SlJCCfcWSirB©^*^ L 
fc0-C*So 

[013] «iiiSK«su- tfjnx*stc**W5 w 
-if7fe©i6S£ ^> 3 ^ascF^spoSji^i©^^^ 

[014] &mmm.K.%*>^--- mxxmzm^-cm 
jLi$%m<Dftmc>? ^ ? *««*i0«3tifcftixs**tt 

©— M©i4M0T*So 

[015] 014 Kt^-T * 5 i'^JtP^iSOffc i>"7 v 

40 ^^js$nfcftix*f^©i4m0-cS)So 

[016] ^mmmmim^v—^mT.^m^m^-cm 

[017] *3QWB«c«4b-lfai^*fflfc»tto 

©§ e>6cffe©^©M^0r*s. 
[0i8] 2^HiS»S6tc^su— tfjtinx^iSKffiffl-r-* 
s u— tfJaxi^go-FtoSiBgif sS0r-*So 

[019] U— tf 36©**jS*iJlniX«*!»©*fflBKfiiS 
50 Lrt-^S^^^r^TEr'&So 
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[020] u— ?ft<Dmft&&miMMm<Dft2i>ictjL& 
[H2i] *mtmmic%zi>— ymms^mmn 
[022] zmtmmicmz u - vmx-ftmic 
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